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0 Signal transmission system for trigger probe. 
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© A radio transmission system for a touch trigger 
probe (10) for machine tools or coordinate measur- 
ing machines is described. In the transmitter shown 
in Fig 1, a 1kHz oscillator (16) produces a signal 
which is phase modulated by an electronic switch 
(14) and an inverter (28), when electrical contacts 
(11) within the probe (10) change state. This phase 
modulated signal is mixed in a mixer (24) with an 
unmodulated 500Hz reference signal, produced in a 
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divider (18) from the oscillator (16), so that there is a 
precise phase relationship between the two signals. 
The receiver shown in Fig 2 has filters (38. 42) which 
separate out the 500Hz reference signal and the 
phase modulated 1kHz signal. A decoder (44) phase 
demodulates the 1kHz signal, using the 500Hz signal 
as a reference in order to increase the reliability of 
the resulting signal. 
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Held of the Invention 

This invention relates to probes for use on 
machines which determine a position of a work- 
piece, such as coordinate measuring machines and 
machine toots. More particularly, it relates to signal 
transmission systems for such probes. 

Description of Prior Art 

A trigger probe for such purposes is described 
in US patent 4,153,998 (McMurtry). In use, the 
probe is moved by the machine relative to a work- 
piece The probe has a deflectable stylus and 
delivers a trigger signal when the stylus contacts 
the workpiece. The trigger signal is indicated by 
the probe switching from one state to another. The 
trigger signal is used by the control of the machine 
to freeze the outputs of scales or other measuring 
means which indicate the position of the probe. 
The position of the point of contact on the work- 
piece surface can thus be determined. 

Especially on machine tools, it can be difficult 
to wire the probe directly to the machine control, 
and so various wireless signal transmission sys- 
tems have been developed in the prior art. These 
include inductive systems (where the signal is 
transmitted by electro-magnetic induction between 
two coils); optical systems (where an optical emit- 
ter such an infra-red diode is provided on the 
probe and produces an optical signal which is 
received by an appropriate receiver); and radio 
systems (having a radio transmitter in the probe 
and a radio receiver fixed at a convenient location 
on the machine). An example of an optical system 
is shown in European Patent Application EP 
337,671 (Renishaw). An example of a radio system 
is shown in US Patent 4,118,871 (Kearney & Trec- 
ker). 

An important requirement of such probes is 
repeatability, i.e. that the same result should be 
achieved every time a given measurement is re- 
peated. The mechanical position of the stylus in 
the probes described in US patent 4,153,998 is 
extremely repeatable in space, and the instant of 
production of the trigger signal always has a defi- 
nite, repeatable relationship with the instant of con- 
tact between the stylus and the workpiece This 
means that accurate results can be obtained from 
the probe by a simple calibration procedure. 

However, the accuracy would be destroyed if 
the signal transmission system were not repeat- 
able, that is, if there were an unknown, variable 
delay in the signal transmission. If this occurs, then 
the probe will travel an unknown, variable distance 
after the instant of generation of the trigger signal 
before the machine control is able to freeze the 
outputs of the measuring means. There is then an 



error between the position of contact and the posi- 
tion indicated by the frozen outputs, and this error 
is an unknown, variable quantity which cannot be 
removed by calibration. Thus, in order to maintain 
5 the overall accuracy of the probe system, there is 
the problem of ensuring that any transmission de- 
lays introduced by the signal transmission system 
are repeatable, i.e. the same delay should be intro- 
duced every time the probe is triggered. The probe 

io calibration procedure mentioned above will then 
also remove this repeatable delay caused by the 
transmission system. 

In the case of radio transmission systems, a 
further problem is that the bandwidth cf the signal 

75 must be kept to a minimum, so as to comply with 
official regulations and reduce the likelihood of 
causing interference. Unfortunately, the require- 
ment for a small bandwidth can conflict with the 
requirement for repeatable signal transmission, be- 

20 cause to transmit a fast signal at a desired instant 
of time requires a relatively high bandwidth. 

One commercially available radio probe trans- 
mission system, for example, used a frequency 
shift keying method. Modulated onto the radio fre- 

25 quency carrier is one of two possible audio signals, 
having two different frequencies representing the 
two possible states of the probe. The trigger signal 
is indicated by a change of the audio signal from 
one frequency to the other when the probe 

30 changes State. However 5 the receiver of this sys- 
tem has difficulty in detecting the trigger signal in a 
repeatable manner, since the minimum time re- 
quired to recognise the change from one audio 
frequency to the other is one cycle of the audio 

35 frequency, and probably two cycles. It is impos- 
sible for the receiver to know at what time during 
the previous cycle the change of state in the probe 
occurred. The uncertainty in the detection of the 
trigger signal, therefore, is at least one quarter of a 

40 cycle of the audio signal, giving rise to a cor- 
responding degree of non-repeatability. If the audio 
frequency is increased to reduce this problem, the 
bandwidth would also be increased. 

45 Summary of the Invention 

One aspect of the present invention provides a 
signal transmission system for a probe for a posi- 
tion determination machine, comprising a transmit- 
so ter for mounting with the probe, and a receiver for 
mounting on the machine for receiving the signal 
transmitted by the transmitter, and including: 

master reference means in the transmitter for 
producing a master reference signal having a refer- 
55 ence frequency; 

slave reference means in the receiver for pro- 
ducing a slave reference signal which is synch- 
ronised with respect to said reference frequency; 
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carrier signal generating means in the transmit- 
ter for producing a carrier signal which is synch- 
ronised with respect to said reference frequency; 

means in the transmitter for modulating a 
probe signal onto said carrier signal; 

means in the receiver for receiving said modu- 
lated carrier signal; and 

means in the receiver for demodulating said 
probe signal from said modulated carrier signal, 
synchronously with the slave reference signal. 

Preferably the modulating means is a phase 
modulating means for modulating the probe signal 
onto the carrier signal. 

In preferred embodiments of this aspect of the 
invention, because the signal transmission system 
has a separate reference signal for keeping syn- 
chronism between the transmitter and the receiver, 
it is possible to detect the switching between one 
state of the probe output and the other state there- 
of more quickly and reliably than in .the above 
mentioned commercially available radio transmis- 
sion system. Moreover, compared with the system 
of EP 337.671, it is possible to ensure that syn- 
chronism is not lost even if there should be exter- 
nal interference at the time of a switching event, 
and the receiver can thus determine the current 
state of the probe output even after such interfer- 
ence. Furthermore, such a system can be realised 
with a relatively low bandwidth, if desired for a 
radio transmission system. 

A second aspect of the present invention pro- 
vides a signal transmission system for a probe for 
a position determination machine, comprising a 
transmitter for mounting with the probe, and a 
receiver for mounting on the machine for receiving 
the signal transmitted by the transmitter, and in- 
cluding: 

carrier signal generating means in the transmit- 
ter for producing a carrier signal for transmission to 
the receiver; 

means in the transmitter for modulating a 
probe signal onto the carrier signal- 
timer means in the transmitter for determining 
the time of occurrence of a probe signal; 

means for transmitting data representing the 
time determined by the timer means; and 

means in the receiver for receiving said data 
representing the time and producing a probing 
output signal derived therefrom. 

At least in one preferred embodiment of the 
invention, this enables the modulation of the carrier 
to change state at a defined transition point in the 
carrier cycle, while still passing time information as 
to whereabouts within the carrier cycle the probing 
signal occurred. It is possible to transmit the time 
information without greatly increasing the band- 
width of the signal. 



Brief Description of the Drawings 

Preferred embodiments of the present inven- 
tion will now be described by way of example, with 
5 reference to the accompanying drawings, wherein: 
Rg 1 is a block circuit diagram of a transmitter 
in a first signal transmission system according 
to the invention, 

Fig 2 is a block circuit diagram of a receiver for 
io the first signal transmission system, 

Fig 3 is a timing diagram showing the signals at 
various points in the circuits of Figs 1 and 2, 
Fig 4 is a block circuit diagram of a transmitter 
for a second signal transmission system accord- 
75 ing to the invention, 

Fig 5 is a block circuit diagram of a receiver for 
the second signal transmission system, 
Fig 6 is a timing diagram showing the signals at 
various points in the circuits of Figs 4 and 5, 
20 and 

Fig 7 is a circuit diagram of a modification of the 
receiver of Rg 5. 

Description of Preferred Embodiments 

25 

Referring to Fig 1. a touch trigger probe 10 
constructed in accordance with US patent 
4,153,998 includes kinematically arranged seating 
elements forming electrical contacts 11. Although 

30 only one set of electrical contacts 11 is shown, it 
will be appreciated that there are three such sets, 
connected in series in a normally closed circuit, 
which is opened when a deflectable stylus 12 of 
the probe 10 contacts a workpiece. The opening 

35 and closing of these contacts is detected by a 
status logic circuit 13, which provides debouncing 
and controls an electronic switch 14. 

A voltage controlled oscillator 16 produces a 
square wave output which is nominally 1 kHz. This 

40 is shown as waveform A in Rg 3, and is used as a 
carrier signal. The precise frequency of the oscilla- 
tor 16 depends upon the battery voltage VB of the 
probe 10, enabling information to be transmitted to 
the receiver of the signal transmission system 

45 about the condition of the battery. The frequency 
shift in the oscillator 16 may be, for example, 100 
Hz for the full range of possible battery voltage 
which is to be monitored, e.g. 2 volts. 

The output of the oscillator 16 is fed to a 

so divider 18, which divides it by 2, giving a 500 Hz 
output which has a definite phase relationship to 
the 1 kHz signal, shown as waveform B in Rg 3. 
The 1 kHz carrier signal from the oscillator 16 and 
the 500 Hz signal from the divider 18 are each 

55 filtered by respective band pass filters 20,22, giving 
sinusoidal outputs which are mixed together in a 
mixer 24. The resulting signal is fed to a conven- 
tional FM transmitter circuit 26, where it is modu- 
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lated onto a radio frequency carrier wave and 
transmitted as a radio signal from an aerial 32 in 
the probe 10. The narrow filters 20,22 limit the 
bandwidth of the radio signal, to comply with of- 
ficial regulations and to prevent the transmitter 
from interfering with other nearby equipment. 

The filters 20,22 are digital tracking filters, 
which have control inputs from the battery voltage 
VB to shift the sampling frequency. The centre 
frequencies of the pass bands of these filters there- 
fore follow the drift of the oscillator 16 due to 
battery voltage change. 

In order to encode the signal from the contacts 
1 1 onto the signals described, the output of the 1 
kHz filter 20 is fed to the mixer 24 either directly, 
or via an inverter 28, under the control of the 
electronic switch 14. Thus, when the probe con- 
tacts 1 1 are opened as a result of deflection of the 
stylus 12, the 1 kHz frequency is phase-shifted by 
180* . A low pass filter 30 is provided at the output 
of the electronic switch 1 4, in order to limit the rise 
time of the data signal which results when the 
probe contacts 11 change state. Again, this is to 
limit the bandwidth of the transmitted signal. 

Waveform C in Fig 3 represents the resulting 
signal at the output of the electronic switch 14, 
assuming that the signal D is produced from the 
contacts 1 1 . (Waveform C is shown in an idealised 
form, taking no account of the filters 20,30). It will 
be seen that there is a 180* change of phase at 
points P and R, corresponding to the instants at 
which the probe contacts 11 open and close re- 
spectively, when a workpiece is probed by the 
stylus 12 and when the stylus 12 subsequently 
reseats as it is moved out of contact with the 
workpiece. 

If desired, the filters 20,30 could be replaced 
by a single low pass filter, placed in the position of 
the filter 30. Such a filter would have a pass band 
determined by the necessary bandwidth for the 
data signal from the contacts 11. In practice, the 
signal from the contact 11 will be relatively fast. 
The use of a separate filter 20 for the 1 kHz signal, 
rather than such a combined filter, makes it easier 
to limit the spectrum of the transmitter. 

The signal transmitted from the aerial 32 in the 
transmitter is received by an aerial 34 of a receiver 
circuit shown in Fig 2, which is mounted at a 
convenient fixed location on the machine to which 
the probe 10 is fitted. The radio signal is demodu- 
lated by an FM detector 36, which suitably may 
use the signal strength of the radio carrier fre- 
quency received to tune accurately the local os- 
cillator within the FM detector 36 for best recep- 
tion. The detector 36 thus delivers an audio signal 
containing the code shown in waveform C of Fig 3. 

At the output of the detector 36, a low pass 
filter 38 separates out the 500Hz signal and sends 



it to a battery voltage monitor circuit 40. This circuit 
provides an output signal when the battery voltage 
is getting low, to warn the operator of the machine 
that the probe battery should be changed. 
5 A high pass filter 42 separates out the 1 kHz 

signal from the audio output of the detector 36. The 
outputs of the two filters 38,42 are squared up, and 
taken to a decoder 44. 

The decoder 44 includes a 1 kHz voltage con- 

io trolled oscillator 46, the output of which is divided 
by 2 in a divider 48 and then compared with the 
500Hz signal from the filter 38 in a phase compara- 
tor 50. The result is fed back to the control input of 
the oscillator 46 thus forming a phase locked loop. 

75 The oscillator 46 thus recreates the original 1kHz 
signal produced by the oscillator 16 in the transmit- 
ter, shown as waveform A in Fig 3. This is com- 
pared with the output of the high pass filter 42 in a 
phase comparator 52. The resulting phase com- 

20 parison signal contains the information from the 
probe contacts 1 1 . 

The output from the phase comparator 52 is 
shown as waveform E in Fig 3. It can be seen that 
the base line of this signal is zero when the probe 

25 contacts are closed, and 1 when the probe con- 
tacts are open. There is a difficulty, however, in 
that there are small transitions or spikes .56 in the 
signal due to phase error and to phase detector 
error. To overcome this problem, the signal is 

30 analysed digitally in a software filter 54. At each of 
the spikes 56, a software timer is activated which 
has a fixed period slightly longer than the duration 
of the spike. At the end of the fixed period, the 
signal is analysed by the software to see if a 

35 change of state has occurred, corresponding to a 
change in the state of the probe contacts 11. If 
such a change of state has indeed occurred, the 
output signal of the software filter is activated, a 
fixed delay after the corresponding transition in the 

40 input to the filter. It will be appreciated that the 
delay thus introduced does not cause a problem, 
as long as it is repeatable, since it is calibrated out 
by the usual calibration procedure when the probe 
10 is used. 

45 In place of the software filter 54, equivalent 

digital hardware could be used, e.g. using a mon- 
ostable instead of a software timer. Alternatively, 
instead of analysing digital signals it is possible to 
analyse sinusoidal signals at the outputs of the 

50 filters 38,42. The phase angle at which the change 
of state of the contacts 1 1 occurs can be deduced 
by comparing the relative amplitudes of the 
sinusoidal signals. 

An important advantage of the transmitter and 

55 receiver systems described above is that the re- 
sulting output of the receiver indicates at all times 
the status of the contacts 1 1 (open or closed). This 
is possible because tne 500Hz signal provides a 
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phase reference against which the relative phase of 
the 1kHz signal can be judged. This means that 
information as to the current status of the probe 
contacts is always available, so that the machine 
control to which the receiver is connected is pro- 
vided with reliable information* as to whether the 
probe is ready for probing a workpiece, or is al- 
ready in contact with the workpiece. Without such a 
phase reference, it would only be possible to de- 
tect changes in phase in the 1kHz signal, which 
would be unreliable if interference occurred at the 
time of a change of state of the contacts 1 1 . 

The second embodiment will now be de- 
scribed, with reference to Figs 4 to 6. 

Fig 4 shows transmitter circuits which are addi- 
tional to those of Fig 1 . It also shows the probe 1 0 
having contacts 11 and a status logic circuit 13 as 
before. A clock circuit 60 produces clock pulses at 
256kHz. This drives a divide-by-256 counter 62, 
giving a 1 kHz output 67 and a parallel binary 
counter output on a data bus 66. When the status 
logic 13 indicates that the probe contacts 11 have 
changed state, it provides a latch input to a shift 
register 64. The current value held in the counter 
62 is then loaded into the shift register 64 from the 
data bus 66. 

The 1kHz output 67 of the counter 62 is taken 
to a logic circuit 68, which controls the shift register 
64 such that when a value has been loaded into the 
shift register from the counter 62, it is then trans- 
mitted serially on an output line 70, as a burst of 
serially coded binary data. At the same time as the 
loading of the data value into the shift register 64, 
the same value is loaded into a parity generator 
circuit 72, which provides a parity bit which is 
added to the end of the data burst. Start and stop 
bits are also added to the data burst. 

The data signal on the line 70 is used to 
control the electronic switch 14 of Fig 1, in place of 
the direct connection shown in Fig 1 between the 
status logic circuit 13 and the electronic switch 14. 
Thus, the serial data signal produces a phase mod- 
ulation of the 1kHz sine wave, which is combined 
with the 500Hz reference signal and modulated 
onto the radio output signal. 

The 1kHz output 67 of the counter 62 is used 
in place of the 1kHz oscillator 16 in Fig 1. Thus, 
the clock 60 provides the time standard for the 
entire system, and the counter output on the data 
bus 66 at any given time is a count of the elapsed 
time since the beginning of the 1kHz cycle. In 
particular, the value latched into the shift register 
64 indicates the time elapsed between the start of 
the 1 kHz cycle and the change of state of the 
probe contacts 11. 

Fig 5 shows a receiver circuit for use in decod- 
ing the signals produced by the transmitter of Fig 
4. As in Fig 2, the receiver comprises an FM 



detector (not shown in Fig 5) which demodulates 
the radio frequency signals received, and filters 
38,42 which separate out the 500Hz and 1kHz 
signals respectively. A local voltage controlled os- 

5 ciliator 74 produces a 256kHz output, which is 
divided by 512 in a divider 76 to give a 500Hz 
output. The oscillator 74 has a phase comparator 
78 at its input, which compares the 500Hz output of 
the divider 76 with the 500Hz reference signal from 

io the filter 38, thus ensuring that the oscillator 74 is 
permanently synchronised with the clock 60 in the 
transmitter. The circuit is a phase locked loop, as 
previously. 

The divider 76 also provides a 1kHz output, 

75 which drives the clock input of a shift register 80. 
The shift register 80 receives the 1kHz signal from 
the filter 42, onto which the serial data is phase 
modulated. As the shift register 80 is clocked at 
1 kHz by the divider 76, this causes the serial data 

20 to be sampled. Corresponding data bits are shifted 
into the shift register and stored, depending on the 
phase of the 1kHz output from the filter 42 at the 
instant of each 1kHz clock input pulse. 

The shift register 80 produces a parallel output 

25 on a data bus 82. During steady state operation, all 
the lines in this bus will be at logic level zero, 
indicating that the probe contacts 11 have been 
closed for a period of time; or they will all be at 
logic level 1. indicating that the probe contacts 

30 have been open for a period of time. A control 
logic circuit 84 monitors the data bus 82, and is 
activated by the entry into the shift register 80 of 
the start of a binary burst of data which occurs 
when the probe contacts 11 change state. When 

35 the control logic 84 detects the end of the data 
burst, a circuit 85 checks the parity bit of the data, 
and the current contents of the shift register 80 are 
then loaded into a counter 86. Thus, the value now 
present in the counter 86 is equal to the time value 

40 coded in the transmitter. The counter 86 receives 
clock pulses at 256kHz from the oscillator 74, in 
phase with the clock pulses in the transmitter, and 
now counts downwards at this rate until the value 
held in the counter reaches zero. When this hap- 

45 pens, a latch 88 changes state, and this latch 
controls a solid state relay 90 which generates the 
output signal to the machine control which indi- 
cates that the probe contacts 11 have changed 
state. 

so It will be appreciated that the length of time 

taken for the counter 86 to count down to zero is 
equal to the length of time latched into the shift 
register 64 in the transmitter, which indicates the 
time period between the start of a 1kHz cycle of 

55 the system and the change of state of the probe 
contacts 11. We have found that despite the low 
bandwidth of the system, nevertheless the circuits 
described above make it possible for the 256kHz 
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oscillator 74 to be very precisely synchronised with 
the 256kHz clock 60 in the transmitter, and for the 
1kHz output of the divider 76 in the receiver to be 
in a very precise phase relationship with the 1kHz 
signal 67. As a result, although the delay between 
the probe contact status change and the corre- 
sponding output signal from the relay 90 is rela- 
tively long, about 11 milliseconds, nevertheless the 
delay involved is very precisely repeatable (i.e. it is 
precisely the same every time the probe contacts 
11 change state), to within a few microseconds. 
Thus, a high degree of repeatability of the signal is 
achieved despite the low bandwidth. 

Fin 6 represents the signals at various points in 
the transmitter and receiver of Figs 4 and 5. In this 
Figure, waveform J indicates the status of the 
probe contacts 1 1 (after the debounce provided by 
the status logic circuit 13). Waveform K shows the 
phase modulated 1kHz signal (before the filter 30 
of Fig 1). At L, there is indicated the short delay 
between the transition of the probe contacts as 
shown in J, and the phase inversion in the 
waveform K. It is this delay which is encoded in the 
shift register 64 of the transmitter. 

Waveform M represents the serially coded data 
burst on the line 70. which commences with a start 
bit 92, followed by an eight bit serial data word, a 
parity bit and a stop bit, generated in the shift 
register 64 with the aid of the parity generator 72. 

In the receiver, waveform N of Fig 6 shows the 
received 1kHz phase modulated signal, which is 
the same as waveform K in the transmitter. 
Waveform P shows clock pulses at 1kHz derived 
from the counter 76 and line Q shows the sampled 
values which are shifted into the shift register 80 as 
a result. In line R, there is a representation of the 
delay value which is latched into the counter 86 in 
the receiver, which corresponds to the transmitter 
delay value shown in line L. When the counter 86 
produces an output at the end of this delay, the 
relay 90 produces an output signal shown as 
waveform S. 

Fig 7 shows an improvement to the decoder 
circuitry in the receiver of Fig 5. It shows in more 
detail the phase locked loop around the oscillator 
74 of the receiver. It would be normal for such a 
phase locked loop to include a low pass filter 100 
between the output of the phase comparator 78 
and the input of the voltage control oscillator 74, 
connected as shown by a dotted line 102 in Fig 7. 
This filter controls the time constant of the phase 
locked loop, stabilising the loop by removing small 
changes in the output of the phase comparator 
caused by minor variations in the phase error. 

Necessarily there are a number of amplifiers 
and filters in the FM radio transmission and receiv- 
ing circuits, and also the filters 20.22,30,38 and 42. 
Because these amplifiers and filters cannot be per- 



fect, during the transmission process there is inevi- 
tably a slight phase change that causes an uncer- 
tainty (a lack of repeatability) in the final signal. To 
reduce these uncertainties, it would be desirable to 

5 increase the time constants of the filter 100. Un- 
fortunately, to do so would increase the instability 
of the phase locked loop decreasing its ability to 
track variations in the transmitter clock. A simple 
increase in the time constant is therefore not prac- 

70 ticable. 

In the present modification, therefore, the nor- 
mal connection 102 is replaced by a sample and 
hold circuit 104. In the normal operation of the 
circuit, when there is no change in status of the 

is probe contacts 11, the sample and hold circuit 104 
feeds the output of the filter 100 straight through to 
the input of the voltage controlled oscillator 74, so 
that the phase locked loop works in the normal 
way. The phase errors introduced by the amplifiers 

20 and filters can be tolerated in this condition. Never- 
theless, throughout this condition, the sample and 
hold circuit 104 is integrating the output of the filter 
100, and causing an average value for the oscillator 
input to be stored on a capacitor 106. with a long 

25 time constant compared to the filter 100. When the 
control logic 84 (Fig 5) detects the beginning of a 
data burst, it provides an input to the sample and 
hold circuit 104 on a line 108. This causes the 
sample and hold circuit to cease feeding through 

30 the output of the filter 100. and instead to sample 
the integrated average value held on the capacitor 
106. This stable value is held constant throughout 
the data burst and throughout the decoding se- 
quence. Thus, during the decoding the frequency 

35 of the oscillator is held very stable, removing phase 
errors caused in the amplifiers and filters, and 
giving a high repeatability. Nevertheless, as soon 
as the decoding sequence has finished, the rela- 
tively low time constant of the filter 100 continues 

40 to govern the phase locked loop, so that the loop 
can react to any changes in frequency and so that 
there is no risk of the phase locked loop ceasing to 
track the frequency of the oscillator in the transmit- 
ter. 

45 

Claims 

1. A signal transmission system for a probe (10) 
for a position determination machine, compris- 
50 ing a transmitter for mounting with the probe, 

and a receiver for mounting on the machine for 
receiving the signal transmitted by the trans- 
mitter, and including: 

master reference means (16,18;60,62) in 
55 the transmitter for producing a master refer- 

ence signal having a reference frequency; 

slave reference means (46,48,50,74,76,78) 
in the receiver for producing a slave reference 

6 
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signal which is synchronised with respect to 
said reference frequency; 

carrier signal generating means (16;60,62) 
in the transmitter for producing a carrier signal 
which is synchronised with respect to said 5 
reference frequency; 

means (14) in the transmitter for modulat- 
ing a probe signal onto said carrier signal; 

means (42) in the receiver for receiving 
said modulated carrier signal; and io 

means (52;80) in the receiver for de- 
modulating said probe signal from said modu- 
lated carrier signal, synchronously with the 
slave reference signal. 

75 

2. A signal transmission system according to 
claim 1, wherein the modulating means is a 
phase modulating means for modulating the 
probe signal onto the carrier signal. 

20 

3. A signal transmission system according to 
claim 1 or claim 2, including: 

timer means (62,64,68) in the transmitter 
for determining the time of occurrence of a 
probe signal; 25 

means (64,68,72) for transmitting data re- 
presenting the time determined by the timer 
means; and 

means (80,84,86) in the receiver for receiv- 
ing said data representing the time and pro- 30 
ducing a probing output signal derived there- 
from. 

4. A signal transmission system according to 
claim 3 including: 35 

carrier receiving means (38,42,74,76,78) in 
the receiver, for receiving the transmitted car- 
rier signal in a synchronised relationship there- 
with, such that a point in the cycle of the 
carrier signal in the receiver corresponds to a 40 
point in the cycle of the carrier signal in the 
transmitter; 

wherein said timer means comprises 
means (62,64,68) for measuring the time delay 
between the instant of a probe signal and the 45 
instant of said point in the carrier cycle in the 
transmitter; 

and wherein said means (80,84,86) in the 
receiver for receiving said data representing 
time derives said probing output signal from 50 
the measured time delay and said point in the 
receiver carrier cycle. 



A signal transmission system according to any 
one of the preceding claims, wherein the slave 
reference means comprises a phase locked 
loop (46,48,50;74,76,78). 



6. A signal transmission system according to 
claim 5, including a low pass filter (100) having 
a given time constant in the phase locked loop 
(74,76,78); and means (104) for increasing said 
given time constant upon receipt of said probe 
signal. 

7. A signal transmission system for a probe (10) 
for a position determination machine, compris- 
ing a transmitter for mounting with the probe, 
and a receiver for mounting on the machine for 
receiving the signal transmitted by the trans- 
mitter, and including: 

carrier signal generating means (60,62) in 
the transmitter for producing a carrier signal for 
transmission to the receiver; 

means (14) in the transmitter for modulat- 
ing a probe signal onto the carrier signal; 

timer means (62,64,68) in the transmitter 
for determining the time of occurrence of a 
probe signal; 

means (64,68,72) for transmitting data re- 
presenting the time determined by the timer 
means; and 

means (80,84,86) in the receiver for receiv- 
ing said data representing the time and pro- 
ducing a probing output signal derived there- 
from. 

8. A signal transmission system according to 
claim 7, including: 

carrier receiving means (38,42,74,76,78) in 
the receiver, for receiving the transmitted car- 
rier signal in a synchronised relationship there- 
with, such that a point in the cycle of the 
carrier signal in the receiver corresponds to a 
point in the cycle of the carrier signal in the 
transmitter; 

wherein said timer means comprises 
means (62,64,68) for measuring the time delay 
between the instant of a probe signal and the 
instant of said point in the carrier cycle in the 
transmitter; 

and wherein said means (80,84,86) in the 
receiver for receiving said data representing 
the time derives said probing output signal 
from the measured time delay and said point 
in the receiver carrier cycle. 

9. A signal transmission system according to any 
one of claims 3,4,7 or 8, wherein the means 
(64,68,72) for transmitting the data represent- 
ing the time encodes said time as serial data. 



55 10. A signal transmission system according to any 
one of the preceding claims, wherein said 
transmitter is a radio transmitter and said re- 
ceiver is a radio receiver. 
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